Henagan TM, Forney L, Dietrich MA, Harrell BR, Stewart LK. Melanocortin receptor expression is associated with reduced CRP in response to resistance training. J Appl Physiol 113: 393-400, 2012. First published June 7, 2012 doi:10.1152/japplphysiol.00107.2012The existing paradigm of exercise-induced decreases in chronic inflammation focuses on the expression of inflammatory receptors on systemic monocytes in response to exercise training, with the role of anti-inflammatory receptors largely ignored. Our recent preliminary studies indicate that the anti-inflammatory melanocortin receptors (MCRs) may play a role in modulating exercise-induced decreases in chronic inflammation. Here, we present a study designed to determine the effect of intense, resistance exercise training on systemic monocyte MCR expression. Because low-grade chronic inflammation is associated with elevated cardiometabolic risk in healthy populations and exercise decreases chronic inflammation, we investigated the associations between systemic monocyte cell surface expression of MCRs and inflammatory markers as a possible mechanism for the beneficial anti-inflammatory effects of resistance training. To this end, the present study includes 40 adults (aged 19 -27 yr) and implements a 12-wk periodized, intensive resistance training intervention. Melanocortin 1 and 3 receptor expression on systemic monocytes and inflammatory markers, including C-reactive protein (CRP), interleukin (IL)-6, IL-1␤, and IL-10, were measured before and after the intervention. Resistance training significantly altered MCR systemic monocyte cell surface expression, had no chronic effects on IL-6, IL-1␤, or IL-10 expression, but significantly decreased CRP levels from a moderate to a low cardiovascular disease risk category. More specifically, decreased melanocortin 3 receptor expression significantly correlated with decreased CRP, independent of changes in adiposity. These data suggest that the observed responses in MCR expression and decreases in cardiovascular disease risk in response to resistance training represent an important anti-inflammatory mechanism in regulating exercise-induced decreases in chronic inflammation that occur independent of chronic changes in systemic cytokines.
CHRONIC LOW-GRADE INFLAMMATION has emerged as a focal point in the etiology of several diseases and is associated with elevated cardiometabolic risk in healthy populations (42, 48) . Exercise programs, specifically resistance training, are effective in significantly improving the inflammatory profile (27, 45, 55) . The existing paradigm of exercise-induced decreases in chronic inflammation focuses on the expression of inflammatory receptors on systemic monocytes in response to exercise training. For example, it has been shown that exercise training decreases expression of the inflammatory toll-like receptors on systemic monocytes, and this reduction in toll-like receptor expression is associated with a reduction in inflammatory cytokine production within circulating monocyte populations (15, 54) . Despite extensive efforts to identify regulatory inflammatory receptors on monocytes that are involved in decreasing chronic inflammation in response to exercise, few studies have examined possible anti-inflammatory receptors that may regulate changes in the anti-inflammatory pathways associated with long-term exercise training.
The melanocortin receptors (MCRs) represent a class of anti-inflammatory receptors expressed on monocytes that may play a role in exercise-induced decreases in chronic inflammation. For example, stimulation of the melanocortin 1 (MC1R) and 3 receptor (MC3R) are known to increase production of the anti-inflammatory cytokine, interleukin (IL)-10, from monocytes and macrophages and downregulate production of inflammatory cytokines, such as IL-1␤ and IL-6 (1, 3, 4, 6, 19, 30, 35, 56) . In addition, our preliminary studies show that 12 wk of resistance training increases MC3R mRNA expression 13-fold in systemic leukocytes and decreases monocyte number (23) , which may account for exercise-induced decreases in chronic inflammation. Other lines of evidence also suggest that MCR expression may modulate health consequences in several disease states that are associated with chronic inflammation (6, 36) , including obesity and type 2 diabetes (25, 58) . For example, individuals harboring MC3R gene variants that result in decreased MC3R protein function are obese and insulin resistant (12, 51, 52) , and mice with nonfunctional MC3R become obese and exhibit an aberrant inflammatory response within their adipose tissue and macrophages (7, 10, 11, 18, 58, 65) . Additionally, MC1R expression on adipose-tissue localized macrophages is linked to obesity in humans (25) .
Thus, although multiple lines of evidence suggest that MC1R and MC3R play an immunomodulatory in monocyte and macrophage cell lines and represent therapeutic targets of inflammation-related diseases, no studies have explored the effects of exercise training on circulating monocyte MC1R and MC3R cell surface expression. Accordingly, the purpose of this study was to determine whether previously observed changes in mRNA expression would translate to alterations in MC1R and MC3R monocyte cell surface expression and if these changes were related to improvements in health, fitness, and the inflammatory milieu.
MATERIALS AND METHODS
Participants. Forty college-aged men and women (18 -27 yrs) without a formally diagnosed chronic disease were recruited for this study. Those showing interest in performing 12 wk of resistance training were placed into the resistance training (RT) group (n ϭ 21). All other subjects were placed into the control (CON) group (n ϭ 19). RT completed a 12-wk periodized, progressive resistance training program. Subjects in the RT group received permission to participate from a state licensed MD; CON was asked to maintain their normal daily activities during the intervention period. All subjects signed an informed consent, and this project was approved by the Louisiana State University Intuitional Review Board and registered at ClinicalTrials.gov (NCT01450852). Even though this study was not designed to determine a sex effect, an effort was made to recruit relatively equal numbers of men and women into each group (exercise, n ϭ 10 women and n ϭ 11 men; CON, n ϭ 13 women and n ϭ 6 men).
Anthropometric and resting metabolic rate assessment. Measurements, including height, weight, and assessment of body composition and resting metabolic rate (RMR), were taken in RT and CON groups before (PRE) and following (POST) the intervention period. Body composition was assessed using dual X-ray absorptiometry (Prodigy Pro, GE Lunar Medical Systems, Madison, WI). RMR measures were obtained after an overnight (10 -12 h) fast while subjects rested quietly for 30 min, and expired air was collected and analyzed for oxygen consumption, carbon dioxide production, and total ventilation (AEI, Moxus, Pittsburgh, PA). The Weir equation was used to calculate RMR (62) . Participants were instructed to refrain from exercise, caffeine, and alcohol 24 h before all tests.
Acclimation and training. Both groups completed a 4-day exercise acclimation period to ensure proper lifting technique while performing bench-press, squat, and dead-lift exercises. Eight repetitions maximum, or the maximum amount of weight that can be lifted eight times, for bench-press, squat, and dead-lift exercises were assessed during the last 2 days of the acclimation period. All acclimation and exercise sessions were preceded by 5-10 min of cycle ergometry or walking and were completed under the supervision of trained technicians.
Following the acclimation and testing period, RT completed 12 wk of periodized, progressive resistance training on nonconsecutive days (3 times/wk) and were asked to maintain their normal diet during the intervention period. Periodization progressed starting from a 3-wk adaptation period to 3-wk hypertrophy lifting, 1-wk power (including plyometrics), 2-wk circuit/recovery period, 2-wk power (including plyometrics), 1-wk recovery, and 3-wk strength lifting. Compound lifts performed regularly included the bench press, push-ups, bentover rows, seated rows, squat, dead lift, walking lunges, and crunches. Participants were supervised to ensure proper lifting techniques and to minimize the risk of injury and proper progression through the training plan. The amount of work performed each week by the RT group varied, as an undulating periodized routine was utilized over the 12-wk period. The lowest work was completed during weeks 3 and 9 and the highest at weeks 7 and 8. The number of repetitions recommended ranged throughout the 12-wk intervention from 442 to 1,275 repetitions/wk.
Blood sampling. Participants were asked to report to the laboratory after an overnight fast and refraining from exercise for the previous 72 h and alcohol and caffeine for the previous 24 h. All subjects arrived between 0800 and 1100 and rested quietly for at least 15 min. Blood was obtained by a registered nurse from an antecubital vein into EDTA and heparin-treated vacutainers (BD-Pharmingen). Additionally, in an effort to control for dietary changes, subjects were asked to record their diets during the 24 h before the blood draw at the PRE time point and to eat the same diet before the POST blood draw.
Flow cytometry. EDTA-treated whole blood was incubated with MC1R antibody (1:50; Santa Cruz, Santa Cruz, CA), MC3R antibody (1:40; Amolone, Jerusalem, Israel), MC5R antibody (1:40; Imgenex, San Diego, CA), or cluster of differentiation 14 (CD14) (eBioscience, San Diego, CA) antibody, as well as a three-color isotope control for 30 min at room temperature. PBS alone was added to additional tubes for an autofluorescent or secondary antibody control and incubated for 30 min at room temperature. Samples were washed with PBS and centrifuged (1,000 rpm, 8 min). The supernatant was decanted, and goat anti-rabbit IgG FITC (1:100; Imgenex) or donkey anti-goat phycoerythrin (1:200; Genway, San Diego, CA) was added to the appropriate tubes. The autofluorescent control received PBS only. Samples were incubated at room temperature for 30 min in the dark. Red blood cells were lysed by addition of NH4CL (eBioscience) for 10 min at room temperature and centrifuged (1,000 rpm, 8 min), and the supernatant was decanted. Samples were washed with PBS, centrifuged, and decanted. Cells were fixed in 1% formaldehyde-PBS and stored for up to 48 h at 4°C for FCONS analysis. Data were collected on a FCONS Calibur flow cytometer (Becton Dickinson, San Jose, CA) and analyzed with WinMDI software. Primary gates were established on monocyte populations using forward and side scatter light; secondary gating was established using CD14 to identify monocyte populations.
Plasma cytokine profiles. Plasma was collected from EDTA-treated whole blood samples by centrifugation (14,000 rpm, 4°C, 10 min) immediately following blood collection and used in commercially available ELISA kits to measure amounts of C-reactive protein (CRP) (ALPCO, Salem, NH) and circulating cytokines, IL-6 (eBioscience) and IL-10 (eBioscience). Intra-assay coefficients of variation were 6, 4.9, and 6.8%. Interassay coefficients were 13.8, 6.0, and 7.5% for CRP, IL-6, and IL-10, respectively.
Statistical procedures. The two-tailed Student t-test, linear regression, and a 2 (PRE vs. POST) ϫ 2 (CON vs. RT) repeated-measures ANOVA were used for determining the significance of the experimental differences when appropriate. Significance was set at P Ͻ 0.05. Bonferroni post hoc tests were used when appropriate. All statistical analyses were performed using JMP statistical software (Cary, NC). Pearson moment correlation coefficients were determined using linear regression analysis in GraphPad Prism software (La Jolla, CA). P values were not corrected for multiple correlations. All values reported are means Ϯ SE.
RESULTS

Anthropometric data and training responses.
On average, RT participants completed 92% of the exercise sessions. Anthropometric variables, including age, height, body weight, and BMI were not different at baseline in CON and RT and remained unchanged and not significantly different POST (Table 1 ). There were no differences in lean body mass (LBM) percentage or body fat percentage between CON and RT groups at baseline or PRE vs. POST within groups (Table 1) . There were no significant differences in RMR or energy expenditure in either CON or RT (Table 1) . However, there was a significant increase in RER in RT compared with CON, indicating a greater reliance on carbohydrates as an energy source (Table 1) .
Monocyte cell surface expression of MCRs. To determine how exercise brings about its anti-inflammatory effects through MCRs, changes in MC1R, MC3R, and MC5R protein expression cell surface expression were quantified on systemic monocytes by flow cytometry. Consistent with other reports, monocyte MC5R expression was too low to quantify (data not shown) (30, 56) . Although MC5R staining was distinguishable from background staining, the expression levels are so low that they are near the sensitivity of FACS. Thus we would require exponentially more monocytes to accurately quantify MC5R expression. Before the intervention, there were no significant differences between CON and RT in the percentage of monocytes expressing MC1R or MC3R (Fig. 1) . The percentage of systemic monocytes expressing MC1R significantly increased from 84.11 Ϯ 1.16 to 91.41 Ϯ 0.79% in response to RT, whereas the percentage of monocytes expressing MC1R in the CON group did not change (Fig. 1A) . The percentage of monocytes expressing MC3R significantly decreased from an average of 12.33% to an average of 6.27% in RT with no change in CON, although there was a significant effect of time (Fig. 1B) . No differences in the amount of MC1R and MC3R receptor density, determined by the mean fluorescence intensity (MFI), were detected in baseline samples between CON and RT. At the POST time point, the amount of MC1R and MC3R expressed on individual monocytes or the MFI significantly decreased from PRE to POST by 45 and 55%, respectively (Fig. 2) . There was also a significant effect of time on MC3R MFI (Fig. 2B ). MC1R MFI was not significantly altered in CON PRE vs. POST (Fig. 1A) .
To determine whether changes in MCR expression in response to resistance training may be associated with changes in fat mass or RMR, correlations were performed. In addition, correlations between changes in the percentage of monocytes expressing MC1R and MC3R and receptor densities were performed. Changes in the percentage of monocytes expressing MC1R did not significantly correlate with MC1R MFI, body fat percentage, body fat (g), or RMR (kcal/day) ( Table 2) . Changes in the percentage of monocytes expressing MC3R (POST Ϫ PRE) significantly correlated with changes in MC3R MFI, body fat percentage, body fat (g), percent LBM, and RMR (kcal/day) ( Table 2) .
Plasma CRP and cytokine concentrations. To determine if RT is effective in altering inflammation, representative markers of inflammation were measured in plasma PRE and POST. There were no differences in CRP between CON and RT groups at baseline. In RT, CRP levels decreased from a moderate risk for cardiovascular disease (CVD) (1.48 Ϯ 0.46) category before the intervention to a low risk category (0.82 Ϯ 0.20) POST (Table 3) . Additionally, when CRP levels were placed into tertiles, the highest baseline tertile in the RT group experienced a significant decrease in CRP at the end of the 12-wk intervention (2.97 Ϯ 0.85 PRE to 1.37 Ϯ 0.39 POST), with no changes seen in CON in any tertile (Table 3) .
In addition to CRP, IL-6 and IL-10 protein levels were measured as representative inflammatory and anti-inflammatory markers, respectively. Exercise has been shown to alter both cytokines acutely after a bout, but several reports show that cytokine levels after a long-term RT intervention in samples taken at longer intervals, 48 -72 h, from the last bout of exercise training do not change (2, 24, 32, 46) . Here, we found no differences in IL-6 or IL-10 between CON and RT groups at baseline. There were no changes in IL-6 protein in RT or CON POST (Table 3) . IL-10 protein plasma levels significantly decreased in both RT and CON individuals after the 12-wk intervention period (Table 3 ). There was also a significant effect of time on IL-10 in both CON and RT (Table 3) . Changes in body composition have been associated with changes in circulating cytokines. We also found that changes in IL-6 and CRP protein levels, but not IL-10 protein levels, were related to changes in body composition. Specifically, larger decreases in body fat percentage and body fat were correlated with larger reductions in CRP (fat percentage: r 2 ϭ 0.2749, P ϭ 0.0371; body fat: r 2 ϭ 0.2625, P ϭ 0.0425), and increases Values are mean Ϯ SE; n, no. of subjects. Anthropometric and metabolic measurements were obtained before (PRE) and after (POST) the intervention period in both the control (CON) and resistance training (RT) groups. Body mass index (BMI) was calculated as the body weight divided by the height squared. RMR, resting metabolic rate; RER, respiratory exchange ratio; FM, fat mass; LBM, lean body mass. (Table 4) . However, there was a significant correlation between changes in CRP values and changes in MC3R density (P ϭ 0.0316), but not MC1R (Table 4) . Lower levels of CRP were associated with lower MC3R density. In addition, changes in IL-6 were also correlated with changes in MC3R density (P ϭ 0.0160), but not MC1R density (Table 4) . Larger decreases in IL-6 in response to resistance training were correlated with larger decreases in MC3R density. There were no significant correlations in either CON or RT between changes in IL-10 and any measured changes in MC1R or MC3R (data not shown). We found no significant effects of sex on monocyte MCR density, percentage of monocytes expressing MCRs, cytokines, or their correlations in the present study. These data suggest a relationship between MCRs and inflammation.
DISCUSSION
In the present study, we tested whether intense, resistance exercise training induces changes in anti-inflammatory receptor expression similar, but opposite in direction, to previously published changes in inflammatory receptors on systemic monocytes (16, 33, 34, 54, 61) . In addition, we sought to determine whether alterations in anti-inflammatory receptor cell surface expression in response to resistance training are associated with a reduction in cardiometabolic risk. The primary findings of this study are that a 12-wk progressive, periodized resistance training program alters the cell surface expression of MC1R and MC3R on systemic monocytes, and that exercise-induced changes in MCR expression are associated with decreases in CVD risk, as measured by CRP levels. Specifically, while resistance training increased the percentage of cells expressing MC1R, indicating an increase in the antiinflammatory capacity of the cells, it decreased the percentage of cells expressing MC3R. In addition to changes in the percentage in monocytes expressing MCRs, MC1R and MC3R density on systemic monocytes decreased in response to the resistance training intervention.
These results are seemingly discordant with the hypothesis that exercise training may improve the inflammatory milieu via anti-inflammatory MCR expression on systemic monocytes. However, a comprehensive analysis of previous work on MCR monocyte expression reveals that there are several possible explanations for the opposing changes in the percentage of monocytes expressing MC1R and MC3R, as well as the decrease in both MC1R and MC3R density on monocytes. First, it has extensively been shown that MC1R and MC3R have similar immunomodulatory roles (3, 4, 19, 56) . Thus it is possible that exercise-induced increases in MC1R cell surface expression compensate for decreases in MC3R, such that the total immunomodulatory capacity of systemic monocyte MCRs remains similar or unchanged after chronic exercise. Second, the results presented here are protein expression levels of MCRs only at the cell surface and do not include cytoplasmic protein expression or total cellular protein levels. Although it is classically accepted that MCRs primarily act as G proteincoupled receptors through second messenger systems, MCRs may also act through alternate secondary messenger systems through internalization. Thus MCRs respond to agonist stimulation by upregulating the classic cAMP second messenger system and by activating secondary pathways via binding to ␤-arrestin on endocytic internalization in response to agonist (8, 40, 53, 64) . Third, changes in MC1R and MC3R may be a result of differential agonist upregulation, affinity, or bindinginduced MCR internalization rate.
Although little is known about the factors that regulate MCR expression during exercise, several agonists may modulate MCR cell surface expression, including ␣-MSH, ␥-MSH, ACTH, and ␤-lipotropin. All agonists are proteolytic cleavage products of proopiomelanocortin (POMC), a peptide most notably produced within the hypothalamus in POMC neurons, but also found to be expressed in peripheral tissues, including leukocytes. Cleavage of POMC by the proprotein convertases, PC1/3 and PC2, ultimately produces ACTH, ␣-MSH, and ␥-MSH (47), which may act in autocrine or paracrine manners to regulate local MCR monocyte expression in peripheral leukocytes. Indeed, it has been shown that endotoxin challenge of lymphocytes produces different cleavage products from POMC (21); however, there are no reports to date on how exercise affects POMC cleavage in leukocytes in response to exercise.
We speculate that regulation of MCR cell surface expression in response to resistance training may be at the level of receptor internalization in response to differential agonist expression and binding during exercise. This conclusion is supported by several lines of evidence: 1) MC1R and MC3R exhibit differential binding affinities for various agonists (37); 2) exercise acutely increases several MCR agonists (13, 20, 59 ); 3) we show here that resistance training decreases systemic monocyte MCR; and 4) our laboratory previously found that exercise increased MCR mRNA in systemic leukocytes (23) . Collectively, the data suggest that resistance training alters MCR cell surface expression by promoting agonist-induced endocytosis of the MCR. This conclusion is further supported by reports showing that inflammatory cytokine production decreases in macrophages treated with MCR agonists (4, 29, 30) and that MCR agonist treatment leads to MCR internalization in several cell types (8, 17, 49, 50, 60) .
In the present study, several inflammatory markers were measured to indirectly determine the role of MCRs in altering inflammatory status. As our main purpose was to determine a possible mechanism whereby exercise alters chronic inflammation, we chose to take samples 72 h after the last exercise bout to more accurately reflect the resting state of inflammation. Several reports show that pro-and anti-inflammatory cytokines, including IL-6 and IL-10, exhibit moderate to no change after long-term exercise interventions in samples taken 72 h after the last exercise bout (2, 24, 32, 46) . Similarly, we observed little change in inflammatory cytokines. Although IL-10 significantly decreased in the RT group, a similar magnitude of decrease was seen in the CON group. This, coupled with the significant effect of time on IL-10 levels and previous reports of seasonal variation in IL-10 (38), suggests that observed changes in IL-10 may be due to seasonal variation in response to allergens rather than a treatment effect (39) .
Despite the lack of change in inflammatory cytokines in resting plasma samples from RT individuals, we show that CRP levels were decreased from a moderate CVD risk category (1-3 mg/ml) to a low CVD risk category (Ͻ1 mg/ml) (43) . Additionally, RT participants within the highest CRP tertile at the beginning of the study significantly decreased their CRP values by the end of the intervention period. These results support previous studies that show that exercise training decreases CRP (28, 41, 55) . CRP is an established indicator of chronic inflammation and marker for CVD risk that may serve as a better indicator of exercise-induced decreases in chronic inflammation than inflammatory cytokines due to its measurable reliability and consistency (43) . Consistent with previous findings, these data suggest that resistance training decreases CVD risk, indicated by lower CRP levels (26). The present Values are mean Ϯ SE; n, no. of subjects. C-reactive protein (CRP) and cytokines interleukin 6 (IL-6) and 10 (IL-10) were measured PRE and POST intervention period in the CON and RT groups. CRP decreased in RT alone from a moderate cardiovascular disease (CVD) risk category to a low CVD risk category PRE vs. POST. CRP values were grouped into tertiles within CON and RT. RT, but not CON, participants within the highest CRP tertile decreased CRP values in response to resistance training (P ϭ 0.0472). There was a significant effect of time with decreasing IL-10 values over the 12-wk intervention period (P Ͻ 0.0001). *Significant difference in PRE vs. POST values within CON or RT.
findings also show a significant correlation between CRP and MC3R expression, suggesting that exercise-induced decreases in CRP may be mediated in part by alterations in MCR expression.
Because changes in CRP may be dependent on changes in adiposity, as there is a positive relationship between increases in fat mass and inflammation and CRP is secreted from adipose tissue (31, 57) , we examined the correlation of changes in CRP in the present study with changes in adiposity. We report that changes in body composition correlate to changes in circulating IL-6 and CRP protein levels, but not IL-10 protein levels. We show here that larger decreases in body fat percentage and body fat are positively correlated with larger reductions in CRP and increases in IL-6. Conversely, our data show that larger gains in LBM percentage also correlated with larger decreases in CRP and increases in IL-6. Because IL-6 is a cytokine that can be produced in muscle, it is not surprising that IL-6 is somewhat elevated in response to increases in lean body percentage in the present study (44) . Interestingly, changes in MC3R negatively correlate with changes in adiposity, where individuals losing the highest percentage of body fat also show the smallest decreases in the percentage of monocytes expressing MC3R. These findings are consistent with reports that MC3R gene polymorphisms, leading to nonfunctional MC3R, lead to obesity (52, 65) . In addition to correlating with changes in adiposity, MC3R was also negatively correlated with changes in RMR, with participants experiencing the largest increases in RMR also showing the smallest decreases in the percentage of monocytes expressing MC3R. These results are not surprising, as it has been discussed in earlier publications that the intensity and duration of an exercise bout may bring about changes in resting metabolism with concomitant changes in inflammatory profiles (22) .
There are several limitations in this study that deserve mention. First, the study population was limited to young adults. Although the results may have been more dramatic in an older and diseased population, it is important to note that the training program was intense and involved complex strength exercises that would have been more risky to complete in these populations. In addition, the findings from the present study may be extrapolated to diseased populations, as inflammation and CRP levels are associated with cardiometabolic risk in both healthy and diseased populations (5, 27, 48) . This perceived limitation may be viewed as a strength, since the present study contributes to the limited body of literature on the effects of exercise in altering inflammation in young, healthy people. As previously noted, changes in inflammation in healthy individuals predict CVD risk (48) . Thus studies that examine the effects of exercise training on inflammation in healthy individuals also bear merit. Second, because this is the first study to examine the expression of anti-inflammatory receptors on systemic monocytes in response to exercise training, the experimental design in the present study was based on the present body of literature that examines the expression of inflammatory receptors in systemic monocytes in response to exercise training (14, 33, 34, 54) . In these studies, only cell surface expression, but not whole cell protein expression, of inflammatory receptors is measured. Thus whole cell protein content of MCR is not provided. Finally, there are often concerns with use of female participants in inflammation-related studies due to changes in inflammatory measurements as a result of the menstrual cycle. However, CRP has been shown to be a consistent and reliable CVD risk and inflammatory marker, independent of the stage of the menstrual cycle, and MCR expression has not been reported to be altered during the menstrual cycle (9, 63) .
In conclusion, our data support a paradigm shift in exercise centric research from the traditionally accepted paradigm that exercise decreases chronic inflammation solely through decreases in inflammatory receptors on systemic monocytes to a modern and novel paradigm that supports a role for exerciseinduced decreases in chronic inflammation through alteration of both pro-and anti-inflammatory receptor expression on systemic monocytes. Moreover, MCR expression appears to influence chronic inflammation through alterations in CRP levels that have a cardioprotective effect, even in young, healthy individuals. Because inflammation serves as a cardiometabolic marker in young, healthy individuals, as well as diseased individuals, these findings have translational implications for diseased populations.
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